Several studies show cytokine concentrations in the peripheral blood are associated with inflammatory activity and surgical trauma. Cytokine concentrations have more rapid increase and quicker return to normal values than either C-reactive protein or erythrocyte sedimentation rate -a matter of hours rather than weeks; some studies suggest they are better predictors of postoperative infection than C-reactive protein and erythrocyte sedimentation rate. Threshold levels of interleukin-6 after joint arthroplasty have been determined, but levels of other potentially useful cytokines (tumor necrosis factor-a, interleukin-8, interleukin-10, etc) are not known. We measured the serum levels of 25 different cytokines before and after hip and knee arthroplasties and identified those associated with surgical trauma. Peripheral venous blood samples (one preoperative and three postoperative) from 49 patients undergoing hip or knee arthroplasty were analyzed by laser chromatography.
Introduction
Major surgery causes various changes in the neuroendocrine and inflammatory cytokine systems. Many of these physiologic responses have been investigated extensively, but in particular C-reactive protein (CRP) has been studied extensively [19, 25, 29] . CRP serum levels are elevated to their peak value 2 to 3 days after arthroplasty and return to normal in approximately 3 weeks [5, 26] .
Elevation beyond this 3-week period is associated with acute infection at the arthroplasty site [33] . However, it is during this 3-week period that initiation of bacterial infection occurs [24] . Prompt diagnosis and treatment at this stage potentially could eradicate infection, whereas a delay in diagnosis allows the microorganisms to form a biofilm and become resistant to any subsequent treatment other than revision.
Unfortunately, measuring CRP during the first 3 weeks is inconclusive because it remains elevated in the absence of infection. Various cytokine concentrations (tumor necrosis factor [TNF]-a, interleukin [IL]-6, IL-8, IL-10) in the peripheral blood have been reported to undergo a more rapid increase (hours) and quicker return (days) to normal values after surgery than CRP [18, 30] . Potentially these cytokine measurements could diagnose infection before it becomes clinically apparent during the early weeks after joint arthroplasty [13, 18, 21, 29, 33] .
The aims of our study were to measure the levels of 25 different cytokines before and after joint arthroplasty and to identify any that were changed with postsurgical trauma.
Materials and Methods
We performed a prospective case-control study. We invited all patients admitted to our institution between January 2006 and May 2006 for hip and knee arthroplasties (including resurfacing arthroplasty of the hip and unicompartmental arthroplasty of the knee) for osteoarthritis to participate in the study. Patients with known chronic inflammatory disease (rheumatoid arthritis, systemic lupus erythematosus, Crohn's disease, Hashimoto's thyroiditis, psoriasis), recent antibiotic treatment or intercurrent infections before surgery, Paget's disease, revision arthroplasty, vascular disorders (lymphoproliferative disorders, autoimmune hemolytic anemia), or cancer were excluded because the cytokine response can be abnormal in these conditions [6, 8, 12] . Eighty potential patients with osteoarthritis were available during the time of the study of which 49 fulfilled all the eligibility criteria and were included in the study. The mean age of the patients in the study was 63 years, with the majority having hip arthroplasty under a general anesthetic ( Table 1 ). Most of the early postoperative complications were urinary tract infections (UTIs) and upper respiratory tract infections (URTIs) ( Table 2 ). There was one proven deep infection leaving 48 patients for study. We performed 25 cytokine measurements (IL-1b, IL-1ra, IL-2, IL-2R, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12p40, IL-13, IL-15, IL-17, TNF-a, interferon-a, interferon-c, granulocyte-macrophage colony-stimulating factor, macrophage inflammatory protein-1a, macrophage inflammatory protein-1b, interferonc-inducible protein-10, monokine induced by interferon-c, eotaxin, RANTES, monocyte chemoattractant protein [MCP]-1). Ethical approval was obtained from The Central Research and Ethics Committee.
We recorded the index procedure, comorbidity (diabetes mellitus, liver disease, renal disease, congestive heart failure, chronic pulmonary disease, peripheral vascular disease), body mass index, surgical duration, and any postoperative complications such as UTIs or URTIs and deep venous thrombosis (DVT). Each patient had four blood samples taken. We obtained the first sample (P1) in the preoperative assessment clinic 2 weeks before surgery. The second sample (P2) was obtained 6 hours after surgery, the third sample (P3) was 48 hours after surgery, and the fourth sample (P4) was 6 weeks after surgery.
Peripheral venous blood samples were centrifuged and stored in pyrogen-and endotoxin-free polypropylene tubes at -70°C until analysis. All samples were clarified by centrifugation (14,000 rpm for 10 minutes) before analysis to prevent clogging of filter plates. We determined the cytokine concentrations using multiplex assay reagents (Human Cytokine 25-plex; BioSource Europe SA, Nivelles, Belgium) and the xMAP 1 technology (Luminex Corp, Austin, TX) according to the manufacturer's protocol. Although the kit measures levels of cytokines not involved in immune response, we used it because it was inexpensive and easily available. We measured Luminex color code tiny microspheres with the Luminex compact analyzer. A standard curve was developed on the basis of the concentrations of known standards provided. We diluted samples with concentrations that exceeded the standard curve in assay diluents and reanalyzed them; this dilution factor was used to correct for the concentration of factors from the original sample. We obtained the mean value, at each time, for each of the 25 cytokines based on the 49 patients.
Deep infection was diagnosed based on the Centers for Disease Control and Prevention guidelines [25] . We 
Results
Three of the 25 cytokines measured in 48 control subjects showed a distinct change with time from P1 to P2 to P3; IL-6, MCP-1, and IL-2R. IL-6 and MCP-1 showed an increase (p = 0.0006 and p = 0.002, respectively) at time P2 compared with times P1 and P3 (Figs. 1, 2 ). IL-6 and MCP-1 recovered to within the baseline (preoperative) value at P3 (48 hours postoperatively). There were no abnormal results seen at P4. IL-2R values dropped slightly at P2 (p = 0.12) but returned to baseline at P3 (Fig. 3) . Patient A had a deep infection after TKA and had a subsequent washout and exchange of the polyethylene insert. Intraoperative cultures were positive for methicillinresistant Staphylococcus aureus and the patient underwent two-stage revision of the TKA several months later. The IL-6 level of this patient was high at P2 ( Fig. 4 ) and the MCP-1 level was low at P2 ( Fig. 5 ) compared with the control group (p = 0.0002 and p = 0.001, respectively). However, by P3, the IL-6 level had decreased to baseline Fig. 3 A graph shows the mean ± two standard error (SE) values of IL-2R for the group of 48 control patients. IL-2R values dropped slightly at P2 (p = 0.12) but returned to baseline at P3. Fig. 1 A graph shows the mean ± two standard error (SE) values of IL-6 for the group of 48 control patients. IL-6 showed an increase (p = 0.0006) at P2 (6 hours postoperatively) compared with P1 and P3 but recovered to within the baseline (preoperative) value at P3 (48 hours postoperatively). Fig. 2 A graph shows the mean ± two standard error (SE) values of MCP-1 for the group of 48 control patients. MCP-1 showed an increase (p = 0.002) at P2 (6 hours postoperatively) compared with P1 and P3 but recovered to within the baseline (preoperative) value at P3 (48 hours postoperatively). level and the MCP-1 level had increased but still was lower than controls ( Figs. 4, 5 ). IL-2R values dropped slightly at P2 (p = 0.14) compared to controls (Fig. 6 ).
Discussion
Prosthetic joint infection is one of the most catastrophic complications of arthroplasty and is associated with considerable morbidity and healthcare costs. The pathogenesis of prosthetic joint infections is influenced by microorganisms growing in biofilms, making these infections difficult to diagnose and eradicate. As much as 1 .
3 of infections after joint arthroplasty occur during the first 3 months after surgery [15] . If detected early and treated aggressively, there is a better chance of eradicating the infection [31] . Measurement of CRP and erythrocyte sedimentation rate (ESR) has been used to assess infection after joint arthroplasty [22, 29, 33] . However, their value is limited during the first few weeks after surgery because their levels are normally elevated during this period. In the later postoperative period when CRP and ESR are expected to have returned to normal levels, their use is limited to excluding infection reliably by a combination of normal ESR and CRP levels [32] or suggesting infection with increasing levels of CRP [33] . To rely on increasing levels of CRP for diagnosis of infection has the disadvantage of delaying treatment and permitting microorganisms time to establish biofilms, making these infections difficult to eradicate. Fig. 4 A graph shows the IL-6 values for the 48 control subjects (mean ± two standard error [SE]) and one patient with a deep infection (Patient A). Patient A had a higher IL-6 value (p = 0.0002) compared with control subjects at P2 (6 hours after surgery). The differences between P2 compared with P1 and P3 for Patient A are significant (p = 0.06). Therefore, there is a need to identify an inflammatory marker with a rapid increase and a quicker return to normal compared with CRP. We therefore measured the serum levels of 25 different cytokines before and after hip and knee arthroplasties and determined whether any were associated with normal postsurgical trauma.
The major limitation of our study was that there was no way to distinguish between changes from postsurgical trauma and other sources of inflammation, including infection. We also could not account for other variables (eg, gender of the patient, type of anesthetic used, etc) that may influence the levels of circulating cytokines. Although it was not the aim of the study, we calculated and found no statistical difference in cytokine levels between male and female patients, whether the anesthetic was general or regional, or according to the type of arthroplasty. There was also no correlation with body mass index, comorbidity, surgical time, or complications of UTI, URTI, lower respiratory tract infection, or DVT. Autologous blood obtained from cell salvage systems also is associated with higher levels of IL-6 [1, 20] . None of our patients had retransfusion of autologous blood. Units that use this reperfusion will be reinfusing blood with elevated levels of IL-6 [2] . The consequence of this on morbidity and infection rates needs to be established. We used a mixture of regional and general anesthesia. However, others [4, 15, 17] suggest regional versus general anesthetic do not differentially influence IL-6 levels and this was confirmed by our study.
Three of the 25 cytokines we measured revealed a distinct postoperative pattern after arthroplasty: IL-6, MCP-1, and IL-2R. IL-6 measurement has been used to predict rejection of lung transplants, development of major complications after elective surgery, and neonatal sepsis [3, 11, 35] . Sustained levels of IL-6 after polytrauma also have been associated with multiorgan failure [27] . For arthroplasties, it has been studied in chronic infection [10] , but its role in the immediate postoperative period has been more debatable. IL-6 peaks in the first 6 to 12 hours after surgery and decreases to its baseline range by 48 to 72 hours postoperatively after THA or TKA [16, 19, 34] . We observed similar results between hip and knee primary procedures, with a major difference in the levels of IL-6 among the measured times (P2, P1, P3).
Other studies have looked at TNF-a, IL-1b, and IL-10. In general, TNF-a and IL-1b are elevated only with severe trauma and associated hypoxia and not arthroplasty [9, 30] . Plasma IL-10 reportedly has been elevated after major trauma but not necessarily postsurgery [7, 14, 16, 28] . The observation that IL-10 plasma levels reportedly undergo only modest changes after arthroplasty [9] is logical because it is an antiinflammatory cytokine [23] and its consumption will depend on the degree of tissue trauma, which would be expected to be higher in major trauma compared with surgery. The unique finding in our study is MCP-1 showed a distinct postoperative pattern and a difference in levels among the measured times (P2, P1, P3). Although MCP-1 is not known to be purely antiinflammatory, its levels decreased considerably at P2 (6 hours postoperatively) and recovered to baseline levels at P3 and P4 in all 48 normal subjects, implying it potentially has antiinflammatory properties. Additional study is needed to determine if this could be used as a preoperative risk predictor of infection.
There was a major difference among the three times (P2, P1, P3) for IL-6 and MCP-1 in Patient A with a deep infection (Figs. 4, 5 ). In addition, IL-6 levels were too high at P2 and MCP-1 levels were too low at P2 compared with the control group. These changes in IL-6 and MCP-1 seem to reflect the increased inflammation because of the infection in this patient. Although levels of IL-2R in Patient A did not show a marked decrease with deep infection, its value was lower than the overall average ( Fig. 6 ). It is possible, as a result of the washout, the infection remained under control and IL-6 levels did not increase after the first abnormal value in Patient A. It would be interesting to repeat these cytokine measurements in other known infected cases. IL-6 returned to baseline control levels by 48 hours in Patient A despite the ultimate persistence of infection for which a two-stage revision was performed. However, MCP-1 was still below normal values at 48 hours. Unfortunately, we did not obtain a blood sample before revision to measure IL-6 and MCP-1. Results of the study of Di Cesare et al. [10] suggest IL-6 should be elevated. Nevertheless, our data suggest a combination of increased IL-6 at 6 hours and reduced levels of MCP-1 at 48 hours is associated with infection.
We identified two cytokines that were associated with surgical trauma after joint arthroplasty. IL-6 and MCP-1 have an exaggerated change in plasma levels at an early stage in the presence of deep infection before the onset of clinical signs. However, there was only one case of deep infection in our study; therefore, we cannot comment on the predictive value of these cytokines for infection. A multicenter study would be useful to investigate this further.
